. Thorax, 30,[447][448][449][450][451] Intraoperative autologous blood transfusion: report of a technique. Using a simple and relatively inexpensive technique, blood was salvaged during major thoracic and cardiovascular surgery in 34 cases. Detailed haematological, biochemical, and bacteriological studies were carried out, with red cell survival studies. It has been shown that cellular as well as non-cellular elements of the blood were well preserved with little or no bacterial contamination. It has been suggested that this form of autologous blood is a more suitable form of blood replacement than donor blood.
There is an ever increasing demand on the blood transfusion services for blood and its constituents. With improved techniques in serology, new and rare antigens and antibodies are being recognized. These present some real problems with regard to the blood donors. There are parts of the world where organization of blood transfusion services is inadequate. The hazards of blood transfusion using stored donor blood are well recognized.
Furthermore, there may be theological objections to the use of donor blood.
Autotransfusion as a method of blood replacement was first suggested by Highmore about 100 years ago. It has been used increasingly in obstetrics (Butler, 1929; Maynard and Rees, 1929; Ricci and Di Palma, 1931; Tiber, 1934) and in surgery, including open-heart surgery (Wagstaffe, Clarke, and Jackson, 1972) .
In most instances blood used for replacement was collected from the patients concerned several days before operation (Boerema and Fierstra, 1955; Cuello et al., 1967; Daggett et al., 1970) . The blood lost during operative procedures was presumably discarded. It was not until the Vietnam war that Klebanoff (1970) This equipment is assembled by inserting the bung with the holes into the transfusion bottles. Two large side holes are cut out near the tip of one of the pieces of tubing, which is then used as the suction nozzle; its other end is introduced 447 through the larger hole of the bung. The other tube is connected to the metal cannula which is introduced through the smaller hole of the bung. This tube is connected to an adjustable suction unit set at -3 to -5 mmHg and shifting two litres of air per minute. The assembled unit ( Fig. 1) is anchored to the drapes close to the site of operation. After opening the chest, 0 5-1 mg/kg body weight of heparin is given intravenously. This dose may have to be repeated at hourly intervals if the operation is long. The operative field is cleared of any blood clots, using high pressure 'discard' suction, before starting the process of salvaging the blood. The suction nozzle is now placed in an area where most of the blood is likely to collect. From time to time the bottle is shaken gently to allow mixing of the blood with ACD solution. Once the bottle is full, the rubber bung with tubes in situ is transferred to the next bottle and the process of blood collection is continued.
In case of sudden loss of a large volume of blood, suction can be increased up to -5 mmHg and later turned down to -3 mmHg as soon as possible. Whenever a potentially infected organ, such as the oesophagus or bronchus is opened, the process of blood collection is discontinued. The suction is turned off when there is evidence of adequate haemostasis.
The use of swabs is avoided as far as possible.
High pressure 'discard' suction is used very sparingly. No protamine is given at the end of the operation as it has been found to be unnecessary with the dosage of heparin used. The salvaged blood is now run through an ordinary blood giving set with its own filtration chamber. The last few millilitres of blood are discarded to avoid fat particles.
In this study samples of filtered blood were taken for detailed haematological studies-morphological appearances of the film, alteration in red and white cells, and presence or absence of clots, foreign tissue or material. Free haemoglobin and fibrinogen were estimated and platelets were counted. Red cell survival studies were carried out by labelling them with 5"Cr in 12 randomly selected cases, using a technique described by Garby and Mollison (1971) . Potassium (K+) was estimated in the plasma of the salvaged blood and compared with preoperative levels. Further 5 ml samples of blood were taken into blood-culture bottles, one with a Castenada-type medium, the other containing thioglycolate broth to estimate bacterial contamination.
RESULTS
The results of preliminary high vacuum studies of group 1 are shown in Table I . Only 27% of the blood was salvaged and the rest was discarded, mainly in the form of clots. There were fine clots present even in the salvaged blood, with evidence of excessive destruction of cellular as well as non cellular elements of blood. K+ in the salvaged blood (mean 4-9 mmol/l) was higher than preoperative levels (mean 4-0 mmol/l). Free plasma haemoglobin was high (mean 535 mg/dl). Platelets and fibrinogen were very poorly preserved. Table II shows the results of the present technique using the changes brought in since the preliminary studies, including the use of systemic heparin. The blood salvaged was 77% of the operative losses. In 14 out of 22 cases (64%) the blood discarded was less than 100 ml. The red and white cells were well preserved with no evidence (Dyer, 1966; Wilson and Taswell, 1968; Klebanoff, 1970 (1972) have shown that by using fresh autologous blood after cardiopulmonary bypass and restoring the platelet level they have been able to reduce postoperative blood loss.
It is obvious from the results that serious bacteriological infection can be avoided since the organisms were isolated from only one of the two media used and no further growth was obtained on serial subcultures. It is quite probable that this was contamination introduced during the postoperative studies. This impression has been further substantiated by the results in 16 cases investigated after the conclusion of this preliminary study, as all clinical, haematological, and bacteriological studies have consistently shown no evidence of infection following the reinfusion of intraoperatively salvaged blood.
Up to 90% of the operative loss can be salvaged with minimal trauma to the blood and little or no bacterial contamination and reinfused to the patient. Efforts are being made to improve the technique further, including the use of a prototype axitologous blood salvage unit. The two FIG. 2. This shows the new prototype blood salvage unit. essential aims of this method continue to be simplicity and low cost.
